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^ (54) Title: COMPOSITIONS AND METHODS FOR INHIBITION OF HIV-1 INFECTION 

(57) Abstract: This invention provides a composition which comprises an admixture of two compounds, wherein one compound 
retards attachment of HIV-1 to a CD4+ cell by retarding binding of HIY-1 gp!20 envelope glycoprotein to CIM on rhe surface of 
the CD4+ cell and the other compound retards gp4I from adopting a conformation capable of mediating fusion of HIV-1 to a CD4+ 
cell hy binding noncovalently Lo an epitope on a jzp41 fusion intermediate, wherein the relative mass ratio of the compounds in the 
admixture ranges from about 100:1 to about 1 : 100, the composition being effective to inhibit HIV-1 infection of the CD4+ cell. This 
invention also provides a method of inhibiting HIV-1 infection of CD4+ cell which comprises contacting the CD4+ cell with an 
amount of the above composition effective to inhibit HIV-1 infection of the CD4+ cell so as lo thereby inhibit HIV-1 infection ol 
the CD4+ cell. 
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rnMPOSITION-^^METHO n.q FOR INHIBITION OF KTV-1 INFECTION 

This application is a continuation of U.S. Serial No. 
09/4*3, 34C, filed January 25, 2003, the contents of which 
are hereby incorporated by reference. 

Throughout this application, various publications are 
referenced within parentheses. Disclosures of these 
publications in their entireties are hereby incorporated by 
reference into this application to more fully describe the 
state of the art to which this invention pertains. Full 
bibliographic citations for these references nay dg found 
immediately preceding the claims. 



Backgroun d of the Invention 

Infection cf cells by human immunodeficiency virus type 1 
(HIV-1) is m.ediated by the viral envelope (env) 
glycoproteins gpl2 0 and gp41, which are expressed as a 

20 nonccvalent , oligomeric complex on the surface of virus and 

virally infected cells. HIV-1 entry into target cells 
proceeds at the cell surface thrcugh a cascade cf events 
that include (1) binding cf the viral surface glycoprotein 
g P 120 to cell surface CD4 , which is the primary receptor 

25 for HIV-1, (2) env binding to fusion coreceptors such as 

CCR5 and CXCR4 , and (3) multiple conformational changes in 
qp41. During fusion, gp41 adepts transient conformations 
that include a prehairpin fusion intermediate that 
ultimately folds into a conformation capable of mediating 
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fusion. These even:::: culminate _:i rusicr. c: tne v:rai — 
cellular membranes ana trie subsequent :::troduc:ion of the 
viral genome into the target ceil. A similar sequence of 
molecular events is required for infection to spread via 
fusion cf infected ana uninfected cells, Kach stage of tne 
viral entry process can oe targeted fcr therapeutic 
intervene ion . 

H:\7-l attachment can be inhibited both by agents that bind 
the viral envelope glycoproteins and by agents that bind 
human CC4 . Notably, HIV-1 attachment can be inhibited by 
compounds that incorporate the gpl20 -b i riding domains cf 
human CD4 and molecular mimics thereof L 21 - V j . Because this 
interaction between gpl20 ana CD4 is essential for virus 
infection, CD4 -based molecules nave the potential to target 
most if not all strains of HIV-1. In addition, viruses 
have limited ability to develop resistance to such 
molecules . 

The determinants for gpl20 binding man to the first 
extracellular domain (Dl) cn CD4 [1] , and the ammo acids 
critical for binding center on a loop comprising amino 
acids 36-47. Potent HIV-1 inhibitory activity has been 
reproduced in a 27-amino acid peptide that mimics this loop 
and surrounding structures [7] . 

A number cf recombinant CC4 -based molecules nave been 
developed and tested for clinical activity in man. The 
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firs: c z L :.ese 



:cn:a:ne a the four ex:raceil-^r dors ins 



(Ci_-4' cf CD4 but lacked trie transmembrane and 
i-tracellular regions. This molecule, ternec soluble CD4 
is-D4; , demonstrated excellent tolerability when 
acTimstered to humans at doses ranging tc 10 mg/kg [2,9] . 
Transient reductions m plasma levels ct infectious HIV- 1 
were observed in certain patients treated with sCD4 . The 
short hail -lire of sCD4 in humans (45 minutes following 
intravenous administration) was identified as one obstacle 
10 tc using this agent fcr chronic therapy. 

Second-generation CD 4 -based proteins were developed with 
increased serum half-life. These CD 4 - irnmunoglcbul in fusion 
proteins comprised the D1D2 domains of CD4 genetically 

1E3 fused to the hinge CH2 and CK3 regions cf human IgG 

molecules. These divalent proteins derive HIV 1 

neutralizing capacity from their CD 4 domains and Fc 
effector functions from the IgG molecule. A CD4-IgGl fusion 
protein was shown to have excellent tolerability and 

23 improved pharmacokinetics in Phase I clinical testing [10]. 

The antiviral evaluations were inconclusive. 

More recently, a third-generation tetravalent CD4-IgG2 
fusion protein was developed that comprises the D1D2 
2 5 domains of CD4 genetically fused to the heavy and light 

chain constant regions of human IgG2 . This agent binds the 
HIV- I envelope glycoprotein gpl20 with nanomolar affinity 
[5] and may inhibit virus attachment bcth by receptor 
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blockade anri by ie:a:h:nq gpl20 fro- :nc v:r;cr, surface, 
thereby irreversibly inactivating tne virus. in standard 
PEMC -based neutralization assays, CD4-IgG2 neutralized 
nri::iarv HIV-1 isolates derived from ail major subtypes and 
outlier groups. 1 be CD4-IcjG2 noncer.trat tens required to 
achieve a 90% reduction in viral infective ty , the :n vitro 
IC?0, were approx: mately 15-20 ug/nl [11], concentrations 
chat are readily achievable m vivc . CD4-IgG2 was similarly 
effective m neutralizing HIV-1 obtained directly from tne 
plasma of seropositive doners m an ex vivo assay, 
indicating that th-s agent is active aga.nst tne diverse 
viral quasiscecies that are encountered cimioal-y [12, . 
CD4-XgG2 also prcvideri protect icn against infection by 
primary isolates m the bu-PBI.-SCID mouse model of HIV-1 
intact ion [13]. Recent analyses have demonstrated that CD4 - 
:gG2's ability to neutralize primary viruses is independent 
of their coreceptor usage [14] . 

Compared with mono- or divalent CD4 -based proteins, CD4 - 
Ig02 has consistently demonstrated as much as ICO-fold 
greater potency at inhibiting primary HIV-1 isolates 
[5, 12, 14, IB] . The heightened potency may derive from CD4 - 
IaG2's ability to bind virions with increased 
valency/avidity and its steric juxtaposition of two gp!20 
binding sites on each Fab-like arm of the immunoglobulin 
molecule. The larger Fab-like arms of CD4-IgG2 are also 
more likely to span HIV-1 envelope spikes on the virion. In 
a variety of preclinical models, CD4-IgG2's ant i -HIV-1 
activity has been shewn to compare favorably with those of 
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- k _ „. v -orirr = ' anub-dies r hat broadly and 

z::i rare r.UT;a" ...j.^j^itL^- Rl4> ** i -- 

^ rter . r i y neutralize crimary KIV-1 isolates [ 5 , 11 , 1 'i , 1 5 ] . Ir. 
addition, CD4-lc32 therapy is in principle less susceptible 
to the development of drug - resi start viruses than therapies 
5 employing anti-env monoclonal ant i todies or portions at the 

highly mutable HIV-1 envelope glycoproteins. These 
properties suggest that CD4-IgG2 nr. ay nave clinical utility 
as an agent tnai neutralizes ceil- free virus before it has 
the opportunity to estubl-sh new rounds of infection. In 
:c addition to treatment, ~D4-IgG2 may have utility m 

preventing infection result mc from occupational, perinatal 
or other exposure to HIV-1 . 

In Phase I clinical testing, single-dcse CD4 - lgG2 
IS demonstrated excellent pharmacology and tolerability . Jr. 

addition, measurable antiviral activity was observed by 
each of tw: measures. First, a statistically significant 
acute reduction m plasma HIV RNA was observed following 
administration of a single 10 mg/kg dose. In addition, 
20 sustained reductions in plasma levels of -infectious HIV 

were observed m each of two patients tested. Taken 
no-aether, these observations indicate that CD4 IgG2 
ocssesses antiviral activity in humans [16. . 

2 5 In addition to CD4 -based proteins and molecular mimics 

thereof, HIV-1 attachment can also be inhibited by 
antibodies and nonpeptidyi molecules. Known inhibitors 
include (1) anti-env antibodies such as IgGlbl2 and F103 
[17, IS], (2) anti-CD4 antibodies such as 0KT4A, Leu 3a, and 



NVO 01/55439 PCT/US01 '02633 

humanized versions thereof [19, >C] . and :3' ricnpept idyl 
agents that targe: either gp!20 Dr CD4 [21], [22-24.. Trie 
latter group of compounds includes aurintricarboxylic 
acids, pclyhydroxycarboxylates , sulfonic acid polymers, and 
cext ran sulfates . 

Several agents have been identified that block HIV 1 
infection by targeting gp41 fusion intermediates. These 
inhibitors xay interact with the fusion intermediates ana 
prevent then. from fclaing into final fusogenic 
conformations. The first such agents rc be identified 
comprised synthetic or recombinant peptides corresponding 
tc portions of the gp4 1 ectodemam predicted to form 
hydropncoie alpha helices. One such region is present m 
coth the ammo ana carboxy segments of the extracellular 
corticn cf gp41, and recent crystal icqraphic evidence 
suggests that these regions interact in tne presumed 
fusogenic conformation of gp41 [25,261. KTV-1 infection can 
be inhibited by agents that bind to either N- or C- terminal 
qp41 epitopes that are exposed during fusion. These agents 
include the gp41 -based peptides T-20 (formerly Known as 
DP178), T-124S, DP107, S3 4 , -22 B , and various fusion 
proteins and analogues thereof [27 33] . Other studies have 
identified inhibitors that comprise non-natural D-peptides 
and nonpeptidyi moieties [24,35] . Clinical proof - cf - concept 
for this class of inhibitors has been provided by T-2 0, 
which reduced plasma HIV RKA levels by as much as 2 logs in 
Phase I/II human clinicai testing [36] . The broad 
antiviral activity demonstrated for this class of 
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.^u-v.-- C v C . reflects the high degree of gp-4 1 sequence 
ccnserva: ion amongst adverse strains HIV- _ . 

Keren- studies [3"?] have demonstrated the possibility cf 
raising antibodies acams: HIV- 1 fusion intermediate-. 
This work employed "fusion-competent" HIV vaccine 
immunogens that capture transient fusion intermediates 
turned upon interaction of gpl20/g P 41 with CD4 and fusion 
coreceptors. The irnnunogens used m these studies were 
formalin-fixed cocultures of cells that express HIV-i 
gp!2D/gp4 1 and cei-s that express human CT4 and CCR5 but 
not CXCR4. The antibodies elicited by the vaccines 
demonstrated unprecedented breadth and potency in 
inhibiting primary HIV-1 isolates regardless of their 
coreceptcr usage, indicating that the antibodies were 
raised against structures such as g P 4 1 fusion intermediates 
that are highly conserved and transiently exposed during 
HIV-1 entry. This class of antibodies does not include the 
anti-gp41 monoclonal antibody known as 2F5, which interacts 
with an epitope that is constitut ively presented on virus 
panicles prior to fusicn [38]. 



Previously, synergistic inhibition cf HIV-1 entry has beer, 
demonstrated using certain anti-env antibodies used in 
combination with other anti-env antibodies [39-44], anti- 
CD4 antibodies [45], or CD4 -based proteins [6] . Similarly, 
synergies have been observed using anLi-CCKS antibodies 
used in combination with ether anti-CCR5 antioodies, CC- 
chemckines, or CD4-based proteins 'AG] . However, no prior 
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t..'i:dies have exair.ir.sd the pcter.tia: synergistic eitccis cf 
C3roli;:a c inhibitors cf gp41 fusion irt er~eriiates with 
inhibitors or other stages of HIV 1 entry. Ir. particular, 
r.o studies have examined combinations cf inhibitors cf gp41 
fur.: or. interr.eciuie.-: and KIV-I at: c rimer. t . 
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Nummary nf the Inventio n 

This ir.ver.ticr. provides a composition ^ich comprises ar: 
admixture cf two compounds, wherein one compouna retards 
attachment of HIV-1 to a C>1 - cell by retarding binding of 
HIV 1 g F 12 0 envelope glycoprotein to C14 on the surface of 
_ „ e 004- cell and the ether compound retards gp41 frorr. 
adopting a conformance capable of mediating fusion of HIV 
; to a CD 4- cell by binding noncovalentiy to an epitope on 
a np4". fusion intermediate, wherein the relative mass ratio 
of the compounds in the admixture ranges from about 100:1 
Co aoout 1:103, the composition being effective tc inhibit 
HIV- 1 infection of the CD4 + ceil. 

This invention provides a metric?, cf inhibiting HIV-1 
infection of a CD4 + cell which comprises contacting the 
CD4+- cell with an amount of the above composition effective 
to inhibit HIV-1 infection of the CD 4 * cell so as to 
thereby inhibit HIV-1 infection of the CD4+ cell. 

This invention provides a method of inhibiting HIV-1 
infection of a CD4- cell which comprises contacting the 
CD4+ cell with an amount of a compound which retards 
attachment of HIV-1 tc the CD4^ cell by retarding binding 
cf HIV-1 gpl20 envelope glycoprotein tc CD4 on the surface 
of the CD4+ cel. effective to inhibit HIV-1 infection ci 
the CC4 * eel] and an amount of a compound which retards 
gp41 from adopting a conformation capable of mediating 
fusion of HIV 1 to a CD4~ cell by binding noncovalentiy tc 
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a-. eu:-:xe or. a gp-1 1 fusion intermediate sc as to thereby 
inhibit KIV-1 infection of the CD4* cell. 
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Rr ^ef DegcriDtion of the Figures 

Synergistic inhibition of HIV-1 entry 
S CD4-TgG2 T-2C {--•--:. an: a 25:1 CD4-IgG2:T 2C 

ccmbmation ( • • • A • • • ) were analyzed tor inhibition of HIV-l 
entry in an c-nv-mediated memoraiie fusion 'RET) assay. 
Inhibitors were added to a nix cf He La- EnVjp . FL ' and PM1 cells 
previously labeled with F1S and R18 respectively. 

10 Fluorescence RET was :neasured after 4h of incubation, and 

percent inhibition was calculated as described [IS] . 
Results are mean values from three independent experiments. 
The data were analyzed according to the median effect 
principle described in Equation [D. The best-fit 

15 parameters for K and ni are 0.31 and 0.^3 for CD A - 

TgG2 , 0.017 /ig/ml and 0.92 tor T-20, and 0.11 ug/ml and 1.0 
for their corrbinat ion . These curves arc plotted and 
indicate a reasonable gocdness-cf - f it between experiment 
and theory (r 7 - C.9S3, 0.998, and 0.99C for CD4 - IgG2 , T-20, 

2C< and their combination, respectively) . To normalize for the 

differences in potencies of the ccmpounds , separate 
concentrations scales are used for CD4 - TgG2 and the 25:1 
CD4 - lgG2 :T-2C mixture and for T-20, as indicated. 



25 

t-'iaure 2 

Combination indices for inhibition of HIV-". entry by 
combinations of CD4-IgG2 and T-20. CD4-IgG2 , T-20 and 
fixed mass ratios thereof were analyzed in the RET assay 
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, . r , ^n^,-- prv-^er.:a:ed ne^rane fusion. 

The 25:1 .high) combination. exa,:nea 10 three-fcid serial 
dilutions of 250 *g/T.l CD4-ICG2, 12 ag/rr.L T-2C ar.c their 
rvsnbinanen. The 25:1 How! cc-ihir.acior. examine* 10 rhree- 
fdd serial dilutions of 5C ug/^.l n:4-IgG2, 2 ug/rl T-22 
and their combination. The b:i cccbinaiicr. examined 1C 
three fold serial dilutions of 50 ^ig/tr.l CD4-2gG2, 2 ^g/rr.". 
T-23, and their combination. The 1:1 combir.ati an examr.ed 
10 three-fold serial dilutions cf 1C fig/ml CT4-:g32, 1C 
ucj/rtil '2-20 ana their combinat ion . Inhibition data frorr. 
,;. ree or tore independent assays were sveracjed prior tc 
analysis. Dose response curves ior the various mnihitors 
and combinations were lit to Equation [1) . which was then 
rearranged to calculate the inhibitor concer.trat.cn, 
repaired to effect a given percent inhibit! an. The 
concentrations of the individual agents :n an inhibitory 
mixture were calculated from their known mass ratios. These 
values were then used to calculate the Combinaticn Index 
CJl) according to Equation (2). CI < 1 indicates synergy, 
, ,^,_ 3r ^ additive effects, and Cl> 1 indicates 

V L — -L 1 JU ' 1 '- 

antagonism. 



V igur? 2 

Dcse reductions observed for synergistic combinations ci 
CP4-IgG2 and 7-20. CD4-IgG2, T-20 and a 25:1 iixed crass 
ratio thereof were tested in the RET assay for the ability 
tc: inhibit env-mediated membrane fusion. Inhibition data 
from six independent assays were averaged. X and n were 
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determined by curve-f i r.tir.g che dcse-respor.se curves, ar.d 
Kquatior. 1- was rearranged to allow oaicc: ar. : r.r. of c rcr 
a giver, f for the single agents an- their coiriination. Dose 
Reduction is the ratio of the inhibitor concentrations 
required to achieve a giver, degree c;f inhibition when the 
inhibitor is used alone v. in a synergistic ccir.binar.icn. 
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pa i- a ^lPri Descriptio n of t he Invention 

The plasr.ids CZ 4 - Ic32 -HC -pRcCKV and CD4 - klC- cRcCMV v. ere 
deposited pursuant :o, and in satisfaction cf.. the 
retirements of the Budapest Treaty nr. the International 
Recognition cf the Deposit of Microorganisms it he "Hudapest 
- :re aty: for the Purposes of Patent Procedure with the 
American Type Culture Collection lATCC! , 12301 Park! awn 
Drive, Rockville, Mi: 2C852 under ATCC Accession Nos . 75153 
and 7=154, respectively. The plasrr.ids were deposited with 
ATCC on Jan. 3C, 1992. The plasmid designated pKA24 3 was 
similarly deposited in accordance with the Budapest Treaty 
with AT;;c under Accession Nc . 75616 cn December if, 1 993. 

As used herein, the following standard abbreviations are 
used throughout the specification to indicate specific 
amino a t ids : 



A=ala=alanine 
N=asn^asparagine 
r. = cys=cysteine 
H=glu=qlutamic acid 
H--his=histidine 
L=leu= leucine 
M^met -methionine 
P=pro=prol ine 
T=thr-threonine 
Y-=tyr= tyros ine 

This invention provides a 



R-arg-argimnc 
D=asp=aspart i c acid 
Q=gln-giut amine 
G=gly=glycine 
I = i le = isoieucme 
K-lys=lysine 
F=phe=phenyl alanine 
S=ser=serine 
W=trp=t ryptophan 
v=val=valine 

composition which comprises an 
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- ds , where-" one comp :unc ret arcs 
nr-ach^ent of HIV- 1 tc a CD 4 * cell by retarding Dindir.g cf 
:iIV 1 cpl20 envelope glycoprotein to CD4 on the surface of 
-he CD4- cell and the other compound retarcs gp4 1 from 
adopting a conformation capable of mediating fusion of HIV- 
1 to a CD4 + cell by binding ncncovalent ly to an ep^top- on 
a gp41 fusion intermediate, wherein the relative mass ratio 
the compounds in the admixture ranges from about 110:1 
to aoout 1:10c, the composition being effective to inhibit 
HIV-". infection cf the CD4+ cel.. 

As used herein, "HIV-1" means the human immunodeficiency 
virus type-i. HIV-1 includes but is not limited to 
extracellular virus particles and the forms cf HIV-1 
associated with HIV-1 infected cells. HIV-1 JR . F1 is a strain 
-hat was originally isolated at autopsy from the brain 
tissue of an AIDS patient [47]. The virus was co- cultured 
with leotin-stimulated normal human peripheral b-ood 
mononuclear cells. The virus has been cloned and the DNA 
sequences of its envelope glycoproteins are known (GerJsank 
Accession #U63632; . in terms of sensitivity to inhibitors 
cf viral entry, HIV- Ijr.fl is known to be highly 
representative of primary HIV-1 isolates [11,14,15,48-50]. 



25 

As used herein, "gp41 fusion intermediates" incudes 
structures, conformations, and oligomer ic states that are 
preferentially and transiently presented or exposea on the 
HIV-1 envelope glycoprotein g P 41 during the process of HIV- 



22 
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: euv-mediated mem- rare fusion. There :ntenea;a:e, may 
forTi up3r: :n:e ra:tion of HIV 1 with cellular receptors cr 
rr.ay be present in partially or tul.y cocluded states or. 
HIV-, prior to its interaction with cellular receptors. 
■• g? 41 fusion mtemcnates" dc net include fuscgenic gp41 
conformations that cannot provide targets for therapeutic 
intervene ion . 

The Qp4 1 iuaion intermediates may contain multiple epitopes 
that ere transient.- exposed curing lus.ion and can provide 
cargets cor therapeutic intervention. As usee riercin, an 
.. N .-ertr.inal gp41 epitope" may comprise all cr portions ct 
the sequences from ammo acid A54 1 to Q530. As used 

herein, a C- terminal gp4 1 epitope" may comprise all cr 
oortions ci the sequences from amino acid W62 8 to L66 3. 
These epitopes have the potential to form coi led-coils of 
interacting alpha helical segments by virtue of heptad 
Sequence of seven ammo acids} repeats containing 
hydrophobic ammo acids at positions 1 and 4 of the heptad. 
The ammo acid numbering system is for the HxB2 isolate of 
HIV 1 (Genbank Protein Accession No. AA350262) . Eecause of 
the sequence variability of HIV-t envelope proteins, the 
composition, size and precise location of such sequences 
may be different for different viral isolates. The gp4 1 
fusion intermediates may also present other linear cr 
conformational epitopes that are transiently expressed 
durmc HIV-1 entry. An inhibitor may target multiple 
epitopes present on gp41 fusitn intermediates. 
Alternatively, separate inhibitors may be used 
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,, :::r;]:: atior. to target one or -ore en. topes present cn jp,- - 
fusion n;terrr.ediates . 

As usee herein, "fusogenic" rears caoaole cf mediating 
, ^. Q1 ^ r A ■ -^d herein, ,! ;IIV 1 fusion coreceptor'' 

means a cellular receptor chat mediates fusion between the 
target cell expressing the receptor and HIV- 1 or an IIIV-l 
envelope glycoprotein' cel. . HIY-1 fusion co-receptcrs 
include but are net limited tc CCR5, CXOR4 and ether 
cherr.okme receptors. As used herein, "fusion" means the 
-oming or union ot the lipid bilayer membranes found on 
mammalian cells or viruses such u:; HTV-l. This process ^s 
distinguished from the attachment el HIV ■ : tc a target 
cell. Attacnment is mediated by the binding cf the HIV 1 
exterior glycoprotein 10 the human CD4 receptor, which is 
not a fusion co-receptor. 

As used herein, "retards" means that the amount is reduced. 
As used herein, "attachment" means the process that is 
mediated by the binding of the HTV-l envelope glycoprotein 
to the human CD 4 receptor, which is not a fusion co- 
receptor. As used herein, "CD4' means the mature, native, 
membrane -bound CT4 protein comprising a cytoplasmic domain, 
a hydrophobic t ransmemnrane domain, and an extracellular 
domain which binds to the HIV-l gp!2C envelope 
glycoprotein . 

As used herein, "epitope" means a portion cf a molecule or 
molecules that form a surface for binding antibodies or 
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cl ,er cor.pcur.ds . ."he epitope may comprise contiguous or 
noncontiguous amine acids, carbohydrate cr other 
r:cnpept:dyl monies or oligomer- specific surfaces. 

T-<-- ocmcounds of the suo:ect invention have shown to 
demonstrate 3 synergistic effect. As used herein, 
"synergistic" means thai the combines effect cf the 
compounds when used m combination is greater then -heir 
additive effects when used individually. 

In cue embodiment of the above composition, the compound 
which retards attachment of HTV-1 to the CD4^ cell by 
regarding binding of HIV- 1 gpl2 0 envelope glycoprotein to 
CD4 on the surface of the CD4- cell :s a CD4 -based protein. 
As used herein, " CD 4 based protein" means any protein 
comprising at least one sequence cf ammo acid residues 
corresponding to that portion of CD 4 which is required for 
CD4 to form a complex with the HIV-: gp!2C envelope 
glycoprotein . 

In one embodiment, one CD4 - based protein is a CD4 
immunoglobulin fusion protein. In one embodiment, the CD4 - 
immunoglobulin fusion protein ^s CC4-IgG2, which is a 
heterotetraraeric CD4- human IgG2 fusion protein. In one 
embodiment, the CE4-IgG2 comprises two heavy chains and two 
lights chains, wherein the heavy chains are encoded by an 
expression vector designated CD4 - IgGPHC-pKcCMV (ATCC 
Accession No. 75193} and the light chains are encodec by an 
expression vector designated CD4 -JOC-pRcCKV (ATCC Accession 
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No. -519-i 1 . 

:n one embodiment of the above composition, the cotr.pt and 
which retards attachment of HIV- 1 to the CD4 + cell by 
retarding binding cf H IV- 1 g?12 0 envelope glycoprotein to 
CD4 on the surface of the 014 + cell is a protein, the amine 
acid sequence of which comprises that of a protein founts in 
HIV-1 as an envelope glycoprotein. In one embodiment, the 
protein hinds tc an epitope cf CD4 on the surface cf the 
(:D 4* cel.. The envelope glycoprotein includes but is net 
Lit- ted to gpl2C, gplSG, or gpI40. 

In one embodiment of the above composition, the compound 
which retards tne attachment of HIV-1 to tne CD4+ ceil oy 
retarding binding of HIV-1 gplSO envelope glycoprotein to 
CD4 on the surface of the CD4 + cell is an antibody or 
cortion of an antibody. In one embodiment, the antibody is 
a monoclonal antibody. The antibody cf the sub : ect 
invention nay be a human, humanized or chimeric antibody. 

22 In one embodiment, tne portion of the antibody is a Fab 

fragment of tne antibody. In one embodiment, the port ten cf 
tne antibody comprises the variable domain of the antibody, 
in one embodiment, the portion of the antibody comprises a 
CDR portion of the antibody. The monoclonal antibody of the 

25 subject invention includes but is not limited to an IgG, 

IgM, Ig~, IgA, or IgE monoclonal antibody. 

As used herein, "antibody" means an immunoglobulin molecule 
comprising two heavy chains and two light chains and which 
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:es an arm get.. The immuncgl obui :n -lecu.e may 



.-^>-ive from ar.v of the commonly known :i&sst:s 1 ir.Cj.ua: 
v _ limited ic IaA, secretory I gA , ig3 ana IgK. Ig3 

subclasses are also well Known to these m trie art ani 
_ntlude but are not limited to human "a-.V. , IgG2.. ZgG3 ana 
Ig;34. 1 t includes, by way of example, botn naturally 
occurring ana not - natural ly occurring antibodies. 
Specifically, "antibody'* include- polyclonal and monoclonal 
ant: bodies, ana monovalent and divalent f-acrrents thereof. 
Furtncrrrore, "antibody" includes chimeric antibodies, 
wholly synthetic antibodies, single chum antibodies, ana 
fragments thereof. The antibody may oe a human or nenhuman 
antibody. A norihunian antibody may be humanized by 
recombinant methods to reduce its i mmunogenici ty m man. 
Methods for humanizing antibodies are known to those 
skilled in the art. 

Jo one embodiment, the monoclonal antibody binds to an KIV- 
1 envelope glycoprotein. The HIV-1 envelope glycoprotein 
includes but is not limited to gpl20 and ^pl6C. 

In one embodiment, the HIV-1 envelope glycoprotein is gpl2C 
and the monoclonal antibody which binds to gpl2D is IgGlbl2 
or F205. IgGlbl2 is listed as item #264C in the NTH AIDS 
Research and Reference Reagent Prograt Catalog. F10 5 is 
listed as item #057 in the NIH AIDS Research and Reference 
Reagent Program Catalog. 

Ln one embodiment, the antibody binds to an epitope of CC4 
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In one e^odne-. the compound which retards attachment 
of H1V-1 tc the c:4- cell by retarding binding of 1IIV-1 
gpl20 envelope glycoprotein :c C~4 cn the surface of the 
£--i f cell is a pectide . In one embodiment f the conpounc 
which retards attachment of HIV-1 to the CD4 + cell is a 
nonpeptidyl agent. As used herein, " nonpept i dyl means that 
the agent does not consist in its entirety c: a linear 
sequence of amine acids linked by peptide bends. A 
nonpeptidyl agent may, however, contain one or more peptide 
dc nds . 

In one embodiment of the above composition, the compound 
which retaras gp4 1 from adopting a conformation capable of 
mediating fusion of HIV-1 tc a CD4 + cel. by binding 
noncovalentiy to an epitope on a gp41 fusion intermediate 
is an antibody. 

In one embodiment , the antibody is a monoclonal antibody. 
In another embodiment, the antibody is a polyclona". 
antibody. 

In one embodiment of the above composition, the compound 
which retards gp41 from adopting a conformation capable of 
mediating fusion of HIV-1 tc a ™4 + cell by binding 
noncovalentiy to an epitope on a gp41 fusion intermediate 
is a peptide. 
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oce eT.bc di merit , the compound v;h:cr. retarcs gp41 Iron 
adopting a conformation capable of mediating fusion of KIY- 
1 ro a CD4 + cell by binding ncncovalenol y to an epitope or. 
a gp41 fusion intermediate is a fusion protein which 
comprises a peptide .selected from the group consisting of 
T-20 ( SEQ ID NO: I), DP107 (SEQ ID NO: 2], N34 (SEQ ID NO: 
3}, C2 S (SEQ ID NO: 4), and N34 (06)028 ( SEQ ID NO: 5) . 

Ac used herein, "T-20" and " DP 17 5" are used interchangeably 
tc denote a peptide having the following amine acid 
sequence : 

YTSLIHSLIESSQNQQEKNSQELLELDKWASliWNW? (SEQ ID NO : 1 ) and as 
described [25,32] . 

DP107 has the following ammo acid sequence: 

XN LORA I E AQ QHL LQ LTWi G I KQ LQ AR I LAVE R YL KD Q (SEQ ID NO : 2 ) 

N34 has the following ammo acid sequence: 

SGI VQ QQNNLLRA I EAQQHLLC LTWG I KQDQAR (SEQ ID NO : 3 ) 

C2B has the following amino acid sequence: 
WM3WDREINNYTSLIHSLIEESQNCQEK ( SEQ ID NO : 4 ) 

N34{L6)C28 has the following amine acid sequence: 
SGIVQQQNNLLRAIEAQQHLLQLTVWGIKQLCARSGGRGGWMEWDREINNYTSLIHS 

LIEESQNQQEK (SEQ ID NO: 5) 

In one embodiment of the above composition, the peptide is 
se l ec ted from the group consisting of T-20 (SEQ ID NO: i; # 
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an: 



npi37 ;Si2 ID NO: 2', N34 (SEQ : V, ! ~2 = — 

4;, and N34;L6)C2B :SHQ ID NO: 5). 

T:: one embodiment of the above :onpos::icn, tr.s peptide. :s 
T-2C (S^ ID NO: I ' . 

In one embedment of the above composition, one peooioe is 
a mutant peptide which (1) consists of amino acids having a 
sequence identical to that of a vildtype peptide selected 
frorr. the group consisting of 7-20 (SEC ID NO: 1 ) , DP -107 
(SEC 10 NO: 2), N34 (SEC ID NO: 3} , C2 3 i 5 EC ID NO: 4] , 
N'i4(:.6)C28 ( SEQ ID NO: 5), except for an addition C 
least one glycine residue to a 5' end of the peptide, :o a 
3' end of the peptide, or to both ends of the peptide and 
[2; retards gp41 from adopting a conformation capable of 
mediating fusion of HIV-1 to a 0D4 ■ cell by binding 
ncncovalently to an epitope on a gp4 1 fusion intermediate. 

In one embodiment, the compound which retards g?41 from 
adopting a conformation capable of mediating fusion of HIV- 
1 to a CD4+ cell by binding ncncovalently to an epitope on 
a g P 41 fusion intermediate is a non-peptidyl agent. 

In one embodiment of the above composition, one relative 
mass ratio of each such compound m the admixture ranges 
from about 25:1 to about 1:1. 



In one embodiment of the above composition, the mass ratio 
l s about 25:1 
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■.. _ , _ ~ >- - ~ r ' n p s'r.-.ve C CmC :~: 3 l T 1 O C. , CHS !ta 3 S ri 

one emooaimer.- c.n.c; a*,** » - — ir 



. s about 5:1. 



Ln one era ca it- 
is abcu: 1:1. 



>nt cf the aoove comccs it ion , the mass rati: 



In one embodiment oi the above composition, the composition 
in admixec with a carrier. The carrier of the subject 
invention rray be an aerosol, intravenous, oral cr topical 
carrier. Pharmaceut : cal ly acceptable carriers are well 
known to those skilled in the ar.. Sucn pharmaceutical^/ 
acceptable carriers may include Lut are not limited to 
aqueous or non-aqueous solutions, suspensions, and 
emuls-ions. Examples of non-aqueous sciver-ts are propylene 
15 glycol, polyethylene glycol, vegetable oils sucn as olive 

oil, and injectable organic esters such as ethyl oleate. 
Aqueous carriers include water, alcoholic/aqueous 
solutions, emulsions or suspensions, saline and buffered 
media. Parenteral vehicles include sodium chloride 

20 solution, Ringer's dextxose, dextrose and sodium ohlcride, 

lactated Ringer's cr fixed oils. Intravenous vehicles 
include fluid and nutrient replenishes , electrolyte 
replemshers such as those based on Ringer's dextrose, and 
the like. Preservatives and other additives may also be 
25 present, such as, for example, antimicrobials, 

antioxidants, chelating agents, inert" gases and the like. 

This invention provides a method cf inhibiting HIV-1 
infection of a CC4+ cell which comprises contacting the 
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CD4. cell with an amount of the above exposition effective 
-■-) inhibit HIV-l infection of the CD4 • cell sc as tc 

■ utv - -n^ecicu of the CD4+ cell, 

thereby inn 10 it ri - ^ - - ^ - - - ~ - ^ * - 



iment. the cell is present m a subje: 



In cue e 
arc 

:o the sub: ect . 



the contacting is effected by administer ing the 



composition tc 

As used herein, "subject" includes any animal cr 
■0 artificially modified aninta- capable of becoming HIV- 

infected. Artificially modified animals include, but are 
not limited tc, SCID mice with human immune systems. The 
animals include but are not limited to mice, rats, degs, 
cats, guinea pigs, ferrets, rabbits, and primates. In the 
15 preferred embodiment, the sub: ect is a human. 

In one embodiment, the effective amount of the composition 
comprises from about 0.0000C1 mg/kg body weight to about 
100 mg/kg body weight of the subject. 



used herein, "administering" may be effected cr 
performed uainq any ot the methods known to one skilled m 
the art, which includes intralesional , intraperitoneal, 
intramuscular, subcutaneous, intravenous, .iposome mediated 
delivery, transir.ucosal , intestinal, topical, nasal, oral, 
ana:, ocular or otic delivery. The compounds may be 
administered separately (e.g., by different routes of 
administration, sites of injection, or dosing schedules) so 
as to combine in synergist ical ly effective amounts in the 
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suh jeer . 

The dose of the composition of the invention will vary 
depending on the subject and upon the particular route of 
administration used. Dosages can range from : . 1 to IOC , CO 0 
^g/kg. Based upon the composition, the dose can b«= 
deliverea tent inuousiy , such as by continuous pump, or at 
periodic intervals. For example, on one or more separate 
occasions. Desired time intervals cut multiple doses of a 
particular composition can he determined without undue 
experimentation by one skilled in the art. 

Ac used herein, "effective dose 1 ' means an amount in 
sufficient quantities to either treat the sutject or 
orevent the subject from becoming infected with HIV-1. A 
person of ordinary skill in the art can perform simple 
titration experiments to determine what amount is required 
to treat the subject. 



This invention provides a method of inhibiting HIV-1 
infection of a CD4+ cell which comprises contacting the 
CB4 + cell with an amount of a compound which retards 
attachment of HIV-1 to the CD4 - cell by retarding binding 
of HIV-1 cp!2C envelope glycoprotein to CD4 on the surface 
of the CD4+ cell effective to inhibit HIV-1 infection of 
the CD4+ cell and an amount of a compound which retards 
gp41 from adopting a conformation capable of mediating 
fusion of HIV-1 to a cell by binding noncovalent ly to 

an epitope on a gp4I fusion intermediate so as to thereby 



WO 01/55439 



PCT/US0 1/02633 



:: ; : , : hi: HIV I infection cf the CD4^ -ell. 

In one embodiment, the CD4- cell i s present in a subject 
and t;:e contacting is effected by administering the 



compounds to the 



■ ec 



In one embodiment, the compounds are administered to the 
subject simultaneously. In another embodiment, the 
compounds are administered to the subject at different 
i: times. In one embodiment, trie compounds are administered 

to the subject by different routes cf administration. 

The subject invention has various applications which 
includes II IV treatment such as treating a subject who has 

15 become afflicted with HIV . As used herein, "afflicted with 

KIV-1" means that the subject has at least one cell which 
has been infected by HIV- I. As used herein, "treating" 
means either slowing, stopping or reversing the progression 
of an HIV- 3 disorder. In the preferred embodiment, 

2 0 "treating" means reversing the progression to the point cf 

eliminating the disorder. As used herein, "treating" also 
means the reduction of the number of viral infections, 
reduction of the number of infectious viral particles, 
reduction of the number of virally infectec cel^s, or the 

25 amelioration cf symptoms asscciatec with HIV- 1 . Another 

application of the subject invention is to prevent a 
subject from contracting HIV. As usea Herein, "contracting 
HIV-1" means becoming infected with HIV- 1, whose genetic- 
information replicates in and/or incorporates into the host 
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celiE. Another application of the sur-ect invention is _c 
_ ea: a c, u b-ect who has become infected w.rr. KIV-1. As usee 
iifirP , r "HIV-l _nf ecticn" neaiis the ir.t reduce 1 on of KIV-- 
genetic information into a target cell, such as by fusion 
Z oi the target coll membrane with HTV-1 or an HIV-l envelope 

glycoprotein' cell. Tne target cell may ne a bodily cell of 
a subject. In tne preferred embodiment , the target eel- is 
a bodily cell from a human subject. Anctner application of 
tne subject invention is to inhibit HTV-: infection. As 
10 used herein, "inhibiting HIV- 3 infection" means reducing 

-he amount of HIV 1 genetic information introduced into a 
target ce.i population as compared to the amount that would 
ue introduced without said composition. 

15 Thls invention will be better understood from tne 

Experimental Details that follow. However, one skilled m 
the art will readily appreciate that tne specific methods 
and results discussed are merely illustrative of the 
invention as described more fully in the ciairr.s that follow 

2 0 thereafter. 
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Ex periro^ i-al Details 

A. Materials a:;d Ke-hcds 



I Reagents 

Purified i-ecotriiwn: CD 4. IyG2 protein way produced by 
p rcnc::]:s pharmaceuticals, Inc. frorr, plasmids CD4 - IgG2 -HC 
pRcCMV ana CD4 - kLC - pRcCMV (ATCC Accession Ncs. 7519"- and 
75194, respectively) as described [5:. He.La-env cells were 
prepared ty transfecting HeLa ceils (ATCC Catalog # CCL-2- 
with KIV-L gpl20/gp41 env-expressing plasmid pMA243 as 
described [ = 1 j • PM1 cells are available from Che NaLicna: 
Institutes of Health AIDS Keagent Program [Catalog #3038). 
The T-20 peptide was synthesized using standard solid ■ phase 
Fncc chemistry and purified and characterized as described 
[31,32] . 

2) Inhibition of HIV-1 env-mediated meTcrane fusion 
HIV-1 envelope-mediated fusion between HeLa -En v JR . KL and PM1 
cells was detected using a Resonance Energy Transfer I RET 5 
assay. Equal numbers ;2xl04) of fluorescein octadecyl ester 

(FIB) -labeled envelope -expressing cells and occadecyl 
rhedanine (Rl ?)- labeled ?M1 cells were plated m 96-weil 
plates in lb% fetal calf serum in phosphate buffered saline 
and incubated for 4h at 3 7 (C in the presence of varying 
concentrations of CD4-IgG2, T-20 or combinations thereof. 
Fluorescence RET was measured with a Cytofluor plate- reader 

(PerSeptive Hiosyscems) and % RET was determined as 
previously described [15] . 



WO 01/55439 



-30 



PCI71JS01/02633 



10 



25 



2: :;.:a;::::a::ve ariajyr-is of the synergistic, additive or 
ar.tagomsLic effects of co^.runq the agenos 

HIV-l inhibition data were analyzed according to the 
Combination Index method of Chcu and Talay [b2 f 5.^:. The 
data are modeled according to the median-effect principle, 
which can be written 

f ^ * :k/cP] 

(1) 

where f is the fraction af f ccted/ inhibited , c is 
concentration, K is the concentration of agent required to 
produce the median effect, and m ^s an empirical 
coefficient describing the shape of the dose - response 
curve. Equation ;i) is a generalized form of the equations 
describing Michael i s -Menton enzyme kinetics, Langmuir 
adsorption isotherms, and Kenderson-Hasselbalch ionization 
equilibria, for which n\ = 1 in all cases. In the present 
case, K is equal to the IC 50 value. X and m arc determined 
by curve-fitting the dose - response curves. 

After the best -fit parameters for K and m are obtained for 
the experimental agents and their combination, Equation (1) 
is rearranged to allow for calculation of c for a given f. 
The resulting table of values (e.g., Figure X) is used to 
calculate the Combination Index (CI) using the equation 
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c 



concent rat icn of conpound 1 when usee alone 

concentration of compound 2 when used alone 

concentration of compound 1 in the mixture 

concentration of compound 2 in the mixture 



All concentrations are those required to acnieve a given 
degree of inhibition. Equation (2] is used when the 
m.olecuies are mutually nonexclusive, i.e., nave different 
sites of action. Since this is the likely scenaric for 

15 inhibitors of H1V-1 attachment and gp41 fusion 

intermediates, Equation (2) was used for all Combination 
Index calculations. Mutually nonexclusive calculations 
provide a more conservative estimate of tne degree of 
synergy that mutually exclusive calculations, for which the 

20 c 1)n c,„/c i c 2 term is dropped . CJ < i indicates synergy, r: = 

1 indicates purely additive effects, and CI > 1 indicates 
antagonism. In general, CI values are most relevant at the 
higher levels of inhibition that are required to achieve a 
measurable clinical benefit. 



B. Results and Discussion 



Combinations of inhibitors of HIV-1 attachment and gp41 
fusion intermediates were first tested for tne ability to 
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_ ^ u j x ^ - j$ : v - : er.v -r.eaia: ed rriemb rar.e i'-sicr; in t re R ~ - 
assay. This assay has proven cc be a highly successful 
mocel o: cr.e HIV-I eniry process. In this assiy, env- 
aepeiidenr. ccreceptcr usage patterns and cellular trcpisms 
of the parental viruses are accurately reproduced [19] . 
Indeed, the assay was instrumental m demcnscrat ing that 
CCR5 functions as a requisite fusion ccreceptcr anc acts at 
~ ::c level of viral entry [54] . Tne fusion assay and 
infectious virus are similar.}' scr.rsir.ive to inhibition by 
metal chelators ana agents that target the full complement 
cf viral and cellular receptors [19,46,55] . 

nose- response curves were obtained for the agents used 
individually and in combination m both assays. Data were 
analyzed using tne T.edian effect principle [52,53;. The 
concentrations of single -agents or their mixtures required 
to produce a given effect were quantitatively compared in 
a term known as the Combination Index (CI) . CI > 1 
indicates antagonism, CI = 1 indicates a purely additive 
effect, and CI < 1 indicates a synergistic effete wherein 
the presence of one agent enhances the effect of another. 

Combinations cf CC4-IgG2 and T-2 0 were observed to be 
potently synergistic in inhibiting env-mediated membrane 
fusion. Figure 1 illustrates representative dose - response 
curves obtained in the membrane fusion assay fcr CIV- -TgGP, 
T-2 0, and combinations of tne two. 'I he curve for the 
combination is highly displaced towards lower inhibitor 
concentrations and provides qualitative evidence that C C4 - 
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IcG2 and T-2 0 a:: in a synergistic: n.itner . 

To quantitatively calculate the degree 
beue en CD4-Ig32 and T-2C, we analyzed the dose - response 
curves according to me Combination Index momod [5z,53] . 
The analysis included data obtained at 25:1, 5:1, and 1:1 
CT4 IgG2 :T-20 mass ratics. At the 25:1 mass ratio, bom 
high (C-250 fiq/nl CD4-IgG2 and 0-10 ^g/xi T-22" and low (3- 
5C ^a/nl CD4-IgG2 and 0-2 ;ig/ml T-20! concentration ranges 
were evaluated. As indicated in Figure :■: , potent synergies 
were observed over these broad ranges of inhibitor ratics 
and concentrations, with 21 value- as low as 0.2 2 under 
optima- conditions. This degree of synergy is remarkable 
since CI values of 0.2 are rarely observed for combinations 
involving anti-HIV-l antibodies [41-44: , reverse 
cranscriptase inhibitors [56] , or protease inhibitors [57] . 
The observed synergies indicate that HIV-1 attachment and 
formation of gp41 fusion intermediates are inter- dependent 
steps. One possibility is that attachment inhibitors, when 
used at suboptimal concentrations, may slow but not 
abrogate the binding of gpi20 to CD4 . In this case, gp41 
fusion intermediates may oe formed and persist or: the virus 
(or infected cell) for longer periods of time at levels 
below that required tor memorane fusion and onus provide 
better targets for inhibitory agents. 

The observed synergies translate into significant 
reductions m the amounts of CD4 - IyG2 and T-2C needed for 
inhibition. These reductions are illustrated in Figure 3 
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icr C-"i-Ig32 and 7-20 used in a 25:1 mass ra":c. By way cf 
example inhibition of viral entry by 95* requires 0.21 
^a/ml of T-20 used alone, 13 ^g/ru cf CD4-IgG2 usee aicne 
and 1.14 ;:g/nl or a combination containing 0.044 ^g/ml of 
T-20 and 1.1 Aiq/rnl of CD4-IgG2. The combination reduces the 
respective doses of T-20 and CD4-IgG2 by 5- and 17-fold, 
respectively. Still greater cose reductions are cbservec 
at niqher levels cf inhibition. 
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What is claimed: 

1. A exposition which comprises ar: admixture of two 
impounds, wherein one compound retards attachment of 
HIV- 1 to a CD4- cell by retarding binding of HIV-1 
gpl20 envelope glycoprotein to CD4 on the surface cl 
the CD4+ cell and the other compound retards gp4 1 from 
adopting a conformation capable of mediating fusion cf 
HIV-1 to a CD4 + cell by binding noncovalently to an 
eoitope on a gp41 fusion intermediate, wherein the 
relative mass ratic cf the compounds in the admixture 
ranges from about 100:1 to about 1:100, the 
composition being effective to inhibit HIV-1 infection 
of r.he CD4 + cell. 

2. The composition of claim 1, wherein the compound which 
retards attachment of IIIV-1 to the CD4 + cell by 
retarding binding cf HIV-1 gp!20 envelope glycoprotein 
co CD 4 on the surface cf the CD4 + cell is a CD4 -based 
protein . 

3. The composition cf claim 2, wherein the CD4 -based 
protein is a CD4 - immunoglobulin fusion protein. 

4. The composition of claim 3, wherein the CD4 - 
immunoglobulin fusion protein is CD4-IgG2, wherein the 
CD4-IgG2 comprises two heavy chains and two lights 
chains, wherein the heavy chains are encoded by an 
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expression vector designated CIT 4 - H r - r. H c CM V -ATCC 
Accession No. ^5193 > and the light chains are encoded 
tv an expression vector designated C~4 - kLC - pRcCMV 
; ATCC Accession \~c . 75134; . 



5. The composition of clam 1, wherein the compound which 
retards attachment of HIV-1 to the CD4 + cell by 
retarding omdmg of HIV-1 gpl20 envelope glycoprotein 
to CD4 on the surface or' toe CD4 + cell is a protein, 
the amino acid sequence of which comprises that of a 
orotcin found in HIV-1 as an envelope giycopioce : n . 

6. The composition of claim 5, wherein the protein binds 
to an epitope of CD. on the surface of the ZD4+ cell. 

7. The composition of claim 6, wherein the envelope 
glycoprotein is selectee from the group consisting of 
gp!20, gpl60 ; and gpl40. 

8. The composition of claim 1, wherein the compound which 
retards the attachment of HIV-1 to the CD4- cell by- 
retarding binding of HIV-1 gpl20 envelope glycoprotein 
tc CD4 on the surface of the CD4+ cell is an antibody 
or portion of an antibody. 

9. The composition of claim 8, wherein the antibody is a 
monoclonal ant ioody . 
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The composition of claim 9, wherein the monoclonal 
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antibody is a human, r.unanized cr c:;:xcr:c antibody. 

11. The cc^osition of claim 3, wherein the portion cf the 
ar.tibocy is a Fab fragment cf tee antibody. 

12. The composition of claim 6, wherein the portion or tne 
antibody comprise- the variable domain of tne 
antibody. 

;c 13- The composition of claim 8, wherein the portion of the 

antibody comprises a CDR portion of the antibody. 

j4. The composition cf claim 9, wherein tne monoclone,: 
antibody is an IgG, IgX, IgS, IgA, or IgE monoclonal 
15 antibody. 

15. The compositicn of claim 9, wherein the monoclonal 
antibody binds to an HIV-l envelope glycoprotein. 

20 16. The composition of claim i ~, . wherein the HIV- 3 

envelope glycoprotein is selected from the group 
consisting of gpl20 and gp!60. 

37. The composition cf claim 16, wherein HIV-l envelope 
2 r glycoprotein is gpl2C and tne monoclonal antibody 

which binds to gpl20 is IgGlbl2 or F105. 
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Tne composition cf claim 8, wherein the antibody binds 
to an epitope cf CD4 on the surface cf the CD4- cell. 
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19. The composition of claim 1. where::", the compound which 
retards attachment c: HIV- I tc the CC4- cell by 
retarding binding of HIV-l gp!2 0 envelope glycoprotein 
to CD 4 on the surface c: the CD4 + cell is a peptide. 

2C. The composition of claim 1, wherein the compound which 
retards attachment of HIV-l to the CM- cell by 
retarding binding of HIV-l gp!20 envelope glycoprotein 
to CD4 on the surface of the CD4+ cell is a 
nonpeptidyl agent . 

21. The composition cf claim 1, wherein the compound which 
retards gp41 from adopting a conformation capable cf 
mediating fusion of HIV-l to a CD4 + cell by binding 
noncovalently to an epitope on a gp4 1 fusion 
intermediate is an antibody. 

22. The composition cf claim 21, wherein the antibody is 
a monoclonal antibody. 
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23. ~he composition of claim 1, wherein the compound which 
retards gp41 from adopting a conformation capable of 
mediating fusion of HIV-l to a C34+ cell by binding 
noncovalently tc an epitope on a cp41 fusion 

25 intermediate is a peptide. 

24. The composition of claim 1, wherein the compound which 
retards gp41 from adopting a conformation capable of 
mediating fusion of HIV-l to a CD4+ cell by binding 
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nor.covalcn:ly r.c ar. epitope cn a gp4I fusion 
intermediate is a fusion protein which comprises a 
peptide selected from the group :cnsis:itg of 7-2! 
{SEQ ID NC: 1:, DP107 ( SEQ ID NC : 2) , N2 4 [SEQ IE NO: 
5 « '» , C23 (SEQ ID NC : 4), and K34 CJ= i C2 f- (SEC ID NC : 5-. 

25. Toe composition, cf claim 23. wherein the oeptide is 
selected from the group consisting of T-2C (SEQ ID NC : 
1], DPI 37 (SEQ ID NO: 2), N34 (SEQ ID NO: V, , 02 3 ( SEQ 

:c in NO: 4), and N34:L6»02S (SEQ ID NO: 5). 

26. The composition of claim 23, wherein the peptide is 7- 
2 0 J SEQ ID NO: 1) . 

lb 27. Trie composition of claim 1, wherein the compound which 

retards gp41 from adopting a conformation capable of 
mediating fusion of HIV- 1 to a CD4+ cell by binding 
noncovalently to an epitope on a cjp41 fusion 
intermediate is a non-pept idyl agent. 

•~ ,-\ 

23. The composition of claim 1, wherein the relative mass 
ratio of each such compound in the admixture ranges 
from about 25:1 to about 1:1. 

25 29. The composition cf claim 28, wherein the mass ratio is 

about 25:1 



The composition of claim 28, wherein the mass ratio is 
about 5:1. 
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- ccmpositu in cf :1a:::. 2h , wherein the r.ass ra;io is 

-bout : : 1 • 

32. The compos it i cn of claim 1, wherein the composition is 
admixed with ^ carrier. 

23. The ccr.pcsit-cn of claim 32, wherein the carrier is an 
aerosol, intravenous, oral or topical carrier. 

v; . A method cf inhibiting HIV 1 infection of a CD 4 * cell 
which comprises contacting the CD4 + eel : with an 
amount of the composition of claim 1 effective to 
inhibit HIV-l infection of the CD4 + cell so as to 
chereby inhibit HIV-l infection of the CD4 + cell. 

25. The method c: claim 34, wherein the CD4+ cell is 
present in a subject and the contacting is effected by 
administering the composition to the sublet. 



2C 36. The method of claim 33, wherein the effective amount 

of the composition comprises from about O.OCOC01 mg/kg 
body weight to about 100 mg/kg body weight of the 
sub~i ect . 



lb 



A method of inhibiting HIV-l infection of a CD4 + cell 
which comprises contacting the CD4- cell with an 
amount of a compound which retards attachment of HIV-l 
to the CD4+ cell by retarding binding cf HIV-l gpl20 
iiope glycoprotein tc CD 4 on the surface of the 
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L'L/4+ cell sr:ec:r/e r.c inhibit HIV 1 . 
CD4- cell and an amount cf a compound which retards 
gp41 frcm adopting a conformation capable cf neciating 
fusion cf HIV-l tc a CD 4 t cell by binding 
noncovalentiy to an epitope on a <jp41 fusion 
intermediate so as to thereby inhibit HIV-l infection 
of the CD4+ eel- . 



The method cf claim 37 , wherein the CD4+ cell is 
present in a subject and the contacting is effected by 
administering the compounds tc the subject. 

The method of claim 33, wherein the compounds are 
administered tc the subject simultaneously. 

The method or claim 38, wherein the compounds are 
administered to the subject at different times. 

The method of claim 36, wherein the compounds are 
administered tc the suo:ecc by different routes of 
administration . 
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^1;0" Progenies Pharmaceuticals, Inc. 

- 120> Compositions and Methods for Inhibition of HIV- 1 
Infection 

'■:130> 61009-PCT 

<140> 
< 141 > 

<160> 5 

<170> Patcntin Ver. 2.0 

<210> 1 
<211>36 
<212> PRT 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: 120 peptide 

<4<>0> 1 

Tyr Thr Ser Leu He His Ser Leu lie Glu Glu Scr Gin Asn Gin Gin 
1 5 10 15 

Glu I.ys Asn Glu Gin Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu 

20 25 30 

Trp Asn Trp Phc 

35 



<210>2 
<211>38 
<212> PR! 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: DP107 peptide 

<400> 2 

Asn Asn Leu Leu Arg Ala He Glu Ala Gin Gin His Leu Leu Gin Leu 
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Thr Val 1 rp Gly lie Lys Gin Leu Gin Ala Arg He Leu Ala Val Glu 

20 25 30 

Arc Tyr Leu Lys Asp Gin 

<210>3 

<211>34 

<212>PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: N34 peptide 

<400> 3 

Ser Gly He Val Gin Gin Gin Asn Asn Leu Leu Arg Ala He Glu Ala 
1 5 10 15 



Gin Gin His Leu Leu Gin Leu Thr Val Trp Gly He Lys Gin Leu Gin 

20 25 30 
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Ala Are 



<210> 4 
-2i:>28 
< 212> FRT 

-•-21 3 > Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: C28 peptide 
<400> 4 

Trp Met Glu Trp Asp Arg Glu He Asn Asn Tyr Thr Ser Leu He His 

1 5 10 15 

Ser Leu lie Glu Glu Ser Gin Asn Gin Gin Glu Lys 
20 25 



<210> 5 
<ni>68 
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21 2 > PR ) 5 

21? > Artificial Sequence 



-'.220 > 

<22S> Description of Artificial Sequence: N34(L6)C28 
peptide 

<400> 5 

Scr Gly He Val Gin Gin Gin Asn Asn Leu Leu Arg Ala lie Glu Ala 

1 5 10 I? 

Gin Gin Hi. Leu Leu Gin Leu Thr Val Trp Gly He Lys Gin Leu Gin 
20 25 y> 

Ala Arg Ser Gly Gly Arg Gly Gly Trp Met Glu Trp Asp Arg Glu He 
35 40 45 

Asn Asn Tyr Thr Ser Leu He His Scr Leu He Glu Glu Ser Gin Asn 
50 55 60 

Gin Gin Glu Lys 
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